Abstract-The oil and gas industry will keep booming in the coming few decades. Because it becomes more and more challenging to obtain oil and gas from conventional and non-conventional resources, there will be considerable demands on the labor, financial capabilities and technology development. Since the future supplies of oil and gas will expand, more advanced technology will become increasingly necessary to obtain conventional and non-conventional oil and gas. The offshore oil industry is a complicated myriad of equipment, structures, and work force. Before any real vision of the potential roles of robotics and automation in offshore oil processes can emerge, the processes related to oil and gas must be enumerated appropriately. Therefore, this study performs the necessary survey and investigation about the work conditions of robotics and automation equipment in oil and gas industry, especially offshore oil rigs. The oil &gas industry processes are first investigated. The personals and tasks are then explored. The challenges and requirements are identified for robotics and automation applications in the oil and gas industry. Our objectives are to explore the opportunities and challenges of robotics and automation in the oil and gas area.
INTRODUCTION
The oil and gas industry will keep booming in the coming few decades. Figure 1 shows the actual and estimated oil and gas demand until 2035. We can see that the oil and gas demand will grow rapidly in the next two decades.
The intensifying need to obtain oil and gas from more hostile, dangerous and hard-to-reach environments will increase the operation cost rapidly in the coming future. Since the future supplies of oil and gas will expand, more advanced technology is required to obtain conventional and non-conventional oil and gas from more challenging areas such as:
Offshore areas in deep water or ultra-deep water.
More environmental challenging areas such as arctic regions.
Remote basins which are not explored.
Remaining reservoirs that are deeply buried and more complex.
Therefore oil and gas technologies will require more advanced technology to explore hostile and remote areas which could be very costly to operate in the coming future. Hence, the oil and gas industry continues to look for lower-cost solutions.
There are supplier-controlled cost components to the goods and services provided to the oil and gas operators by the service companies. To be competitive and improve their profit margins, service companies are committed to cost reduction. Besides seeking lower-cost suppliers and lessexpensive raw materials, they also look for ways to minimize employee costs and improve manufacturing efficiencies and quality. Recently the rising cost of employee salary and benefits like health care offsets the cost reduction effort in service companies. Also market volatility leads to high employee turnover, which adds the costs of retraining and the loss of critical lessons learned. Therefore, the oil and gas companies are looking for new technologies which can reduce the labor cost. Also safety is a big concern in the oil and gas production.
The enormous scope of the oil&gas industry's presence is evident in its global networks of market supply and demand relationships that consumers are affected in every region of the world, regardless of the origin of those fluctuations. Oil prices respond to changing markets with upward volatility and such behavior is a result of an inelastic demand for oil and gas products. Furthermore, the period of high oil prices from 2004 through 2008, together with an inelastic demand for petroleum, resulted in globally stabilized gross domestic product during the recent economic recession and led to a steady demand for petroleum. As this market trend persists, companies in the oil and gas industry have a window of opportunity to maximize efficiency and productivity, which may moderate the petroleum market.
One solution to both the need for efficiency and maximum production and the capabilities required to further exploration is the application of robotics and automation in offshore rig environments. Since the offshore oil processes are technologically advanced in nature, offshore environments should facilitate the utilization of industrial robotics and automation, and the latest software and mechanical devices to develop the safest, most secure and consistent operations.
In order to investigate the challenges of robotics and automation in oil and gas industry, the necessary survey and investigation about the oil &gas industry processes, the personals and tasks should be explored first. The work conditions should be discussed to explore the requirements of robotics and automation equipment in the oil and gas industry, especially on offshore rigs. Our objectives are to explore the obstacles and challenges of robotics and automation to this area.
II. OIL AND GAS INDUSTRIAL PROCESSES The offshore oil&gas industry is a complicated myriad of advanced equipment, structures, and work force. With a proper knowledge of offshore oil and gas rig environments, the applications of industrial robotics and automation are less abstract. Before any real vision of the potential roles robotics and automation in offshore oil processes can emerge, those processes must be enumerated appropriately.
There are many products and services related to oil and gas with an equally substantial potential for markets within the industry. There are three stages through which petroleum products pass: upstream, downstream and midstream models.
The upstream oil sector commonly includes exploration of oil&gas field, recovery and production of crude oil and natural gas. It is also called the exploration and production to search for potential oil and gas fields, drill exploratory wells, and subsequently operate the wells and bring the oil and gas to the midstream sector [1] .
The midstream oil and gas sector is the relay point for the upstream sector's products. Midstream processes commonly refer to processing, transport, and storage of these products [3] . Because it is possible to produce high quality gas to a commercial natural gas pipeline in the midstream sector, some treatment or processing of natural gas may occur in the midstream sector and bypass the downstream oil and gas sector completely.. The midstream typically links the supply of the oil industry to the demand for energy commodities [2] .
The downstream oil sector includes refining of crude oil, marketing and distributing natural gas and other derived products such as gasoline or petrol, diesel oil, liquefied gas, jet fuel, lubricants, asphalt and hundreds of petrochemicals [3, 4] . The downstream industry sells thousands of products directly to customers. These products include petrol, gasoline, kerosene, diesel, jet fuel, natural gas, heating oil, propane, asphalt, lubricants, synthetic rubber, waxes, plastics, fertilizers, pesticides, and petrochemicals etc. [3, 4] . This paper provides a fundamental knowledge base to utilize in understanding the environment in which offshore industrial robotics and automation would operate, as well as cover the challenges that exist within that environment. The processes described here relate primarily to the upstream oil and gas sector, as that particular sector hosts the majority of opportunities for robotics and automation. The oil and gas processes and the three sector model they fall into tend to parallel across the onshore and offshore industries, however the processes will be distinguished when necessary if a distinct observation is being made.
The oil and gas extraction industry includes operating and developing oil and gas field related activities, such as exploring crude oil and natural gas fields; drilling wells, completing wells, and equipping wells; operating process equipment, and pipelines for crude oil and natural gas, preparing oil and gas for shipment and site abandonment [5] . It is likely the production process in which robotics and automation have the largest potential to increase efficiency and create a safer environment for offshore oil and gas rigs, all while cutting construction costs for human necessitated rig designs.
After the Deep Water Horizon oil spill in 2010, the Bureau of Ocean Energy Management, Regulation and Enforcement (BOEMRE) has implemented new mandatory regulations to replace old recommended protocols for the offshore oil industry. Consequences of these new regulations are evident in the day-to-day operation, especially regarding inspection and maintenance of equipment. This is one area of operation that robotics and automation can dramatically improve efficiency, precision, safety, and decrease costs to companies. It is no stretch of imagination to suggest that robots and automation will soon be the primary means to effectively satisfy many of these new regulations.
III. PERSONELS AND TASKS
This section describes a generalized description of typical offshore oil rig personnel and their respective tasks as listed in Table 1 , to evaluate which human jobs are the most dangerous, repetitive, and/or inefficient so as to determine how robotics and automation would necessarily function. All workers on an oil rig are exposed to toxic crude oil, harsh maritime environment, extreme concentration, fatigue and rig's explosive potential etc. Some of them work with heavy machinery.
These positions are regularly under extreme working conditions that currently require an extensive amount of regulation to control protocol and ensure safety. Were robotic and automated systems created with these jobs in mind, task-specific, transitional prototypes could safely interact with personnel and consequently prepare the industry for a future full of automation. There is a great amount of potential to replace the most dangerous jobs in offshore oil rig environments with efficient, precise robotic systems, which could lead to a decrease in rig construction costs, a decrease in human casualty and fatality in volatile, explosive environments, and produce larger numbers of barrels per day Roustabout Performing many tasks such as guiding cranes, supplying requested material, cleaning deck areas and assist roughnecks.
Subsea Engineer
In charge of inspection and maintenance of the BOP unit and the motion compensation system. Crane Operator
In charge of all crane operations on the rig.
IV. CHALLENGES AND REQUIREMENTS

A. Challenges in Oil and Gas Industry
The geographic challenges are severe facing today's oil and gas exploration and production industry [6] . Many oil production wells are located in the deep waters or ultra deep waters, the frozen regions, and the hot, dusty, undeveloped deserts. The work conditions on offshore installations are the first thing to look at when analyzing the environments. The most important ones are as follows:
Atmosphere: The atmospheric conditions on offshore platforms are quite unfriendly. Due to the substances used and generated during the processing of hydro carbon resources there are the following three types of gases which can occur separately and combined: explosive, toxic and corrosive. Unsheltered maritime environment: Except for the living quarters and a few technical rooms offshore platforms are partially sheltered and unsheltered. This means there is no sufficient protection against saltwater spray and direct sun light which is also reflected from the sea surface.
Heavy weather: Wind with high speed and squalls, rain, hail and snow. All these weather conditions occur more often and more intense offshore than onshore.
Extreme ambient temperature: Depending on the region the platform is located there can be extreme high and low temperatures. Humidity is also ranging from lower values up to condensing. Constraint space and/or walkways: The width of typical walkways is about 0.7-0.75m.
Offshore rigs have many logistical issues. Because people working on the oil&gas rigs must be housed and protected, it is very expensive to have them working on the rig. Furthermore in the case of emergency, it must evacuate people quickly and safely. These difficulties become serious financial issues of oil&gas production when oil and gas exploration and production pushes into more dangerous and remote regions,.
With a basic comprehension of the processes and the personnel tasks involved in the offshore oil&gas industry, the lingering factor is the role that robotics and automated systems could potentially fill. While this is a relatively young market, there are a few examples of robotics and automation used for oil processes, but only a few. Reason for such hesitation derives from the logistical challenges that come with the implementation of a robot or an automated system in an offshore environment, as well as from a general lack of prototypes on the market.
The disaster at the Macondo Prospect, which is called the Deepwater Horizon oil spill [7] , has spawned a great deal of movement and some legislation. Much of the legislation requires an increase in inspection and maintenance at offshore rigs, where robotics and industrial automation will find a role in enabling those in the industry to meet these new standards.
To generate application scenarios for mobile robots it is important to know the operations carried out on these types of platforms. There are scheduled and occasional operations. The first ones are tasks planed in the daily operation schedule. The second ones are operations triggered by external influence on a more or less random basis. The most important scheduled operations are:
Inspection: valve position readings and gauge readings.
Monitoring: check for intruders, leakage, acoustic anomalies and surface conditions; monitor gas level.
Maintenance: gas and fire detector test, sampling, pigging, cleaning, refilling and pipelines.
The most frequent occasional operations are:
Valve and lever operation: change pressure, change flow rate and start or stop equipment operation.
Gas leakage: identify and locate, stop dangerous operations (welding, cutting, …) and secure area and stop leakage and monitor concentration drop.
Fire: identify and locate fire.
The robot should be able to operate at different levels of automation including fully automatic, manual and semi-automatic. For some applications, there is no human intervention at all which requires fully automatic robotic system. On the other hand, completely manual operation may be required for some tasks. Furthermore semi-automatic applications require varying degrees of human interaction. Therefore these applications have more unique requirements than that of traditional industrial robotics because operators must collaborate with the robots for decision making. Hence the successful automation of the oil and gas industry will rely on the seamless integration of engineers/operators, advanced technology, and organization. Compared to the fully automated operation robot in the oil and gas fields, the inspection robot is the simplest because the inspection robot may need constant human involvement. The manipulation robot, which can perform various tasks is more complex than the inspection robot because it has to make contact with the environment and make decisions. In the short term, the inspection robot and manipulation robot could have many applications in oil&gas industry.
B. Requirements for Hardware Development
The mobile robot performing inspection and manipulation operations must satisfy the following basic requirements before deployed in the oil and gas industry:
The mobile robot must be certified. The robotic system must be explosive-proof, weather-proof and saltwater-proof [8] .
The electronics must be suitable for harsh environments.
Highly reliable sensors must be installed on the robot to for environmental perception and obstacle detection.
The robot is able to climb vertically on simple ladder-type steel stairs if the robot is deployed to navigate and operate at different levels.
The drive system of the robot must be able to run on very special floors.
The robot has to be able to operate in limited spaces; therefore its dimension must be suitable for the oil&gas platform.
For autonomous operation, the robot must be able to precisely track its position based on the sensor information.
For inspection, the robot must have appropriate application sensors; for operation, appropriate tools must be installed.
The robot must be capable of communicating with a central control station.
A manipulator must be installed on the robot to position sensors or grasp objects.
C. Requirements for Communication
A major challenge for teleoperation within the oil&gas industry is the remote nature of offshore operations. The offshore rigs can be located hundreds of miles away from land and teleoperation of mobile robot may be used to conduct complex and dynamic operations in harsh environments. Operation failures in such offshore operations may cause serious damage for the environment and process equipment. Safety is critical for teleoperation of mobile robot in such remote locations.
D. Requirements for Software Development
In order for a mobile robot to perform inspection and manipulation tasks in offshore environments, it must be able to be operated easily and intuitively without expert knowledge. This implies that: the robot can be controlled manually, semiautomatically and autonomously;
Programming new inspection and manipulation tasks must be very easy without special training or expert knowledge;
Human robot interaction must be safe.
The user interface must be user friendly.
Therefore, the mobile robot with sensors must include the following software functions: navigate technology must enable the robot to avoid collision and obstacles in teleoperation mode and autonomous mode; typical tasks such as inspection, monitoring and manipulation must be easily programmed. supervision and control of the mobile robot can be easily performed from a remote location sensor data can be displayed and monitored in the remote site or central control room. The data include camera images, gas concentrations and gauge readings etc.
warning messages and/or signals are initiated when abnormal situations are detected sensor data are recorded and stored in the central control room and/or remote site.
E. Requirements for Robotic System
Offshore oil and gas platforms are typically installed at remote and isolated locations. The engineers and operators are exposed to unsheltered environment with storms and explosive, toxic and corrosive atmosphere. Therefore, there are many challenges to deploy mobile robot in offshore environments that do not exist in any current application areas of mobile robots. These issues must be overcome [9] :
Complex environments: Many complex structures exist in the offshore oil&gas rigs such as stairways, pipes, flanges, tanks and steel frames. It is difficult to detect these structures using sensor systems installed on mobile robot due to the changing environments. Hence robust sensors must be installed on the mobile robot to identify different structures in the environment such as obstacles and free passes. The process equipment on offshore oil&gas rigs is typically installed on different levels. In order to access different levels on the rig, the robot must be able to move between levels or appropriate equipment is installed to drive the robot to different levels.
Floors: Offshore platforms are equipped with steel floor and gratings, slopes and steps. These uneven floors make the mobile robot difficult to operate.
Explosive atmospheres. There are many explosive gases on the oil&gas rigs.
Corrosive environments: The robot is typically exposed to splash water, salty air, corrosive chemicals etc.
Temperature: Depending on the locations of the oil&gas rigs, the temperature has significant variations on offshore oil&gas platforms. The mobile robot must be functional between -30 and +50 °C.
Humidity: The robot must be operable in relative humidity up to 100% .
Other conditions: Some offshore locations will have highly radiant heat, heavy rain, salt water, storms, and direct sunlight etc.
V. CONCLUSIONS
There is little doubt that oil&gas companies would benefit greatly from the use of more intelligent technologies, not only increasing their efficiency, but also cutting down on human risk factors that are ever present in rig environments.
There are many incentives to automate the facilities in the oil and gas industry such as pipe handling, tasks related to inspection and rig operations. Some high-risk operations provide opportunities to use mobile robots to improve human's health, safety and environmental (HSE) performance.
In this paper, a brief introduction to the oil&gas industry processes is performed. The challenges and requirements for the robotics and automation equipment are explored. Our future work will discuss the current technology in the oil&gas industry and research directions.
